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macrophages are one of the most common immune cells of the tumor
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2024. V. 28, Me 4 (112). P. 74-80. The aim of our study was to clarify the prognostic role of M1 (CD68+) and M2
(CD163+) macrophages in patients with metastatic HER2-positive breast
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0737.28.4.112.2024.12 Material and methods. We studied the tumor tissue of 78 patients with metastatic
HER2-positive  breast cancer. Tumor tissue samples underwent
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Results. The average duration of the follow-up period before registration of
disease progression was 21.3+2.79 months. Median progression-free survival
was 14.3 months and 13.2 months for patients with high and low CD68+
@ @ expression, respectively (Log-rank p=0.6168), and 14.9 months and 12.6 months
By for patients with low and high expression of CD163+, respectively (Log-rank
p=0.0003). Follow-up of patients until death continued for an average of
35.0+£2.98 months. Median overall survival was 24.1 months and 29.0 months for
patients with high and low CD68+ expression, respectively (Log-rank
p=0.5788), and 36.7 months and 22.0 months for patients with low and high
expression of CD163+, respectively (Log-rank p=0.0001). Patients receiving a
combination of trastuzumab with chemotherapy, without regional lymph node
metastases, with low expression of CD163+, and those with hormone-positive
HER2-positive breast cancer used hormone therapy have better overall survival.
Conclusions. High CD163+ expression is a predictor of poor progression-free
survival and overall survival in patients with metastatic HER2-positive breast
cancer. CD68+ expression did not show prognostic significance.

ITIPOTHOCTHYHE 3HAYEHHA I[IYXJIHHOACOLNIHOBAHHX MAKPO®AIIB Y
BHKHBAHHI IAIIIEHTIB 13 METACTATHYHHM HER2-ITO3HTUBHHUM PAKOM
MOJIOYHOI 3471031

O. Bunnuuenxo, 0. Mockaneuxo, T. /lepes’anxo, P. Mockanenko

Knruosi cnosa: Pestome. Ocmanni 00CHiOdNCEHHA 6KA3VIOMb HA CYMMEGY POdb NYXAUHHO20
NYXIUHOACOYINOBAHI MAKpOghacy,  MIKDOOMOYEHHS 8 eeKMUGHOCMI mepanii ma 6UNCUBAHOCMI X80PUX HA DI3HI
sudicueannsi, HER2, pax monounoi  munu paxy, y momy uucni HER2-nozumuenoco paxy MONOUHOI 3AN03U.

sano3u, CD163+, CD68+. Iyxnunoacoyitiogani makpogazu € OOHUMYU 3 HAUNOWUPEHIWUX IMYHHUX KTIMUH
NYXIUHHO20 MIKDOOMOYEHHA, AKI MAiomb SAK NPOMYMOPO2EHHI, MmMaKk 1
Byxosuncoruii meouunuil icHuK. NPOMUNYXAUHHI 81ACTMUBOCI.

2024. T. 28, Ne 4 (112). C. 74-80.  Mema Oocnioscenna — 3’Cysamu NpocHOCMUYKY poib makpogazie Ml
(CD68+) i M2 (CD163+) y nayicumis i3 memacmamuunum HER2-no3umusnum
PAKOM MONOYHOL 3AN103U.
Mamepian i memoou. Mu Oocriddcysanu nyxiunHy mranuny 78 nayicumis 3
memacmamuynum  HER2-nosumusnum paxom Moaouynoi 3anosu. 3pasxu
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NYXIUHHOI MKAHUHU Ni00ABANUCS  IMYHOLICMOXIMIYHOMY OOCHIONCEHHIO 3
aumuminamu 0o CD68+ ma CDI163+ onsn eusnauenns ¢penomuny M1 ma M2
maxpoghazie 6ionogiono. Jaui npo kamezopiio T, xameeopito N ma memoou
MeOUKameHmMo3HOi mepanii ompumani 3 nepeuHHoi MeouuHoi Ookymenmayii. /[ns
CMAamucmuyHo2o  aumanizy — euxopucmosygamu memoo Kannana-Meiiepa,
peepeciunuii ananiz Koxca ma nocapugmivnuii panzosuii Kpumepitl.
Pesynomamu. Cepedna mpusanicms nepiody CnocmepexiceHHs 00 peecmpayii
npoepecyeanns 3axeopiosanns cmanosuna (21,3£2,79) wmicayis. Mediana
sudcugarnocmi bes npozpecysanus cmanosuia 14,3 micaya ma 13,2 micays ona
nayienmie i3 ucokoio ma nHusbkow excnpecicio CD68+ sionosiono (Log-rank
p=0,6168), 14,9 micays ma 12,6 micays 0ns nayieumis i3 HU3bKOI mMa 8UCOKOIO
excnpecieto CD163+ gionogiono (Log-rank p=0,0003). Cnocmepedicenns 3a
nayienmamu 00 cmepmi mpueano, y cepednvomy (35,0+2,98) micayis. Mediana
3a2anvhoi sudicusarocmi cmanosuna 24,1 micays ma 29,0 micays ons nayicumis
i3 sucokolo ma Huszvkoio excnpecielo CD68+ sionosiono (Log-rank p=0,5788)
ma 36,7 micays ma 22,0 micays Ons nayicHmis i3 HU3bKOW M GUCOKOIO
excnpecieto CD163+ esionosiono (Log-rank p =0,0001). Ilayienmu, axi
OmpUMYHOmMs KOMOIHAYit0 mpacmy3ymady 3 ximiomepanicio, 6e3 memacmasie y
pecionapHi nimpamuuni yziu, 3 Huzvkow ekcnpeciero CDI63+, a makoowc
nayienmu 3 20pmMoHanvHo-no3umugHum HER2-no3umuenum paxom MoJI0YHOT
3a103U, AKI 3ACMOCOBY8ANU 2OPMOHAILHY MEPAnilo, Maioms Kpawy 3a2aibHy
BUIICUBAHICTD.

Bucnoeku. Bucoxa excnpecis CDI163+ € npeduxmopom no2anoi suicusanocmi
b6e3  npoepecyéamHs ~ma  3a2albHOI  GUJICUBAHOCMI Y NAyieHmie i3
memacmamuynum HER2-nosumusnum paxom monounoi 3anosu. Excnpecis
CD68+ ne mana npocHocmuunozo 3HAYeHHs.

Introduction. Despite advancements in early diagnosis
and treatment, breast cancer continues to be a significant
issue globally. Among all subtypes, HER2-positive breast
cancer, which expresses receptors for human epidermal
growth factor 2, accounts for 14% of all cases. One of the
most powerful factors determining patient survival is the
tumor staging at the time of diagnosis. In patients with
localized HER2-positive breast cancer, the 5-year survival
rate is 94.0% and 84.2% for hormone-positive and
hormone-negative types, respectively, but it drops to
45.8% and 39.7% in the case of metastatic stages [1]. The
primary treatment for metastatic HER2-positive breast
cancer is systemic drug therapy, which encompasses anti-
HER2 monoclonal antibodies, chemotherapy, hormonal
therapy, tyrosine kinase inhibitors, and antibody-drug
conjugates [2].

Recent studies indicate the important role of the tumor
microenvironment in the effectiveness of therapy and
survival of patients with various types of cancers, including
breast cancer [3]. The prognostic significance of tumor-
infiltrating lymphocytes has been widely reported in the
scientific literature [4, 5], while the role of tumor-
associated macrophages in the response to drug therapy
and progression of breast cancer is not definitively defined
[6].

Among all immune cells of the tumor
microenvironment, tumor-associated macrophages are
most closely related to carcinogenesis and disease
progression [7, 8]. These cells show significant
heterogeneity and high plasticity. According to their
properties, they are divided into two groups:
antitumorogenic (M1-type macrophages), which are
activated by the classical pathway, and pro-tumorogenic

(M2-type macrophages), which are activated by an
alternative pathway [9]. Macrophages of the M2 type are
primarily associated with a worse prognosis [10, 11].
However, depending on the subtype of breast cancer, the
prognostic effects may differ.

Although targeted therapy has significantly improved
the survival of patients with HER2-positive breast cancer,
this subtype is still considered aggressive, primarily due to
treatment resistance that develops de novo or during anti-
HER?2 therapy [12]. The prognostic role of M1 and M2
macrophages has been evaluated in several studies
involving patients with different stages of HER2-positive
breast cancer. The results obtained were ambiguous. The
authors reported both a negative effect of M2-type
macrophages on patient survival [13] and an absence of
correlation or a positive effect of M1-type macrophages
[14], so we consider that the prognostic role of these cells
has not been definitively determined. The ambiguity of the
effects of tumor-associated macrophages may be related to
the immunomodulatory effect of trastuzumab, which
induces an antitumor immune response and changes the
tumor microenvironment [15].

The aim of our study was to clarify the prognostic role
of M1 (CD68+) and M2 (CD163+) macrophages in
patients with metastatic HER2-positive breast cancer.

Materials and methods

Study design. We studied the tumor tissue of 78
patients treated at the Sumy Regional Clinical Oncology
Center from 2014 to 2024. Patients with metastatic stages
of HER2-positive breast cancer over the age of 18 were
included in the study. All patients had archival tumor tissue
samples and immunohistochemistry (IHC) or fluorescence
in situ hybridization (FISH) results confirming HER2
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receptor overexpression and HER2/neu gene amplification
(if applicable). In addition, the inclusion criteria were
monotherapy with trastuzumab or a combination of
trastuzumab with chemotherapy (at least two cycles). The
study did not include patients with localized breast cancer
and those who, for some reason, did not receive
trastuzumab therapy, had another malignant tumor,
inflammatory, infectious, and autoimmune diseases 2
weeks before the start of specialized drug therapy. Data on
category T, category N and methods of drug therapy were
obtained from primary medical records. The follow-up
period and assessment of response to therapy were
described in our previous study [16]. Data on the death of
patients were taken from the cancer registry of the Sumy
Regional Clinical Oncology Center. The end date when
patient survival was evaluated was July 1, 2024. The study
was approved by the Local Ethics Committee of the Sumy
Regional Clinical Oncology Center (protocol No. 2/3,
dated January 15, 2024). All alive patients signed informed
consent for voluntary participation in the study before the
start of the study.

Immunohistochemistry. To carry out IHC examination
of tumor tissue samples of HER2-positive breast cancer,
we made serial sections with a thickness of 4 um, which
were applied to SuperFrost adhesive glass (Thermo
Scientific, USA). Deparaffinized sections were treated
with 0.1 M citrate buffer at 95-98 -C. The "In Vitro"
system (Master-Diagnostica, Spain) was used for detection
results. Antibodies to CD68+ (Master-Diagnostica, Spain)
and CD163+ (Master-Diagnostica, Spain) were used to
determine the phenotype of M1 and M2 macrophages,
respectively. Passive and active control of the obtained
results was carried out to control the quality of IHC. Six
fields of view with a diameter of 1 mm and the highest
density of the studied cells were analyzed. After this, we
calculated the average value and divided all samples into
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high and low-expression groups. The cutoff values for M1
and M2 macrophages were 40 CD68+ cells and 25
CD163+ cells per field of view, respectively.

Statistical analysis. Statistical analysis was performed
using Stata V.18.0 (StataCorp, Texas, USA;
https://www.stata.com; 2024). The Kaplan-Meier method
and the logarithmic test made it possible to visualize the
survival curves and assess the reliability of the difference
between the studied groups of patients. The Cox
proportional hazards model predicted the impact of tumor-
associated macrophages on progression-free survival and
overall survival. The threshold of statistical significance
was considered p < 0.05.

The results and discussion

Immunochistochemistry. During the IHC of breast
cancer tissue, regarding the assessment of the presence of
macrophages of the M1 phenotype among the tumor
microenvironment, we found a wide range of these cells,
from a small number to significant infiltration (Fig. 1 a, b).
Macrophages were characterized by an intense positive
cytoplasmic reaction against antibodies to CD68+ and
were clearly detected in the tumor microenvironment. The
primary location of M1 macrophages is the stroma of
tumor tissue. Some macrophages were found in the tumor
parenchyma among atypical glandular complexes and
cells.

To assess the level of infiltration of the breast cancer
tissue by M2-phenotype macrophages, we performed an
IHC with antibodies against CD163+. The number of
CD163-positive cells varied from single cells in the stroma
to high infiltration of both the stroma and the parenchyma
of the breast cancer tissue (Fig. 1 ¢, d). Macrophages of the
M2 phenotype had an intensely stained cytoplasm and
membrane, were mainly located in the stroma, and a certain
number of CD163+ cells were present between the
glandular complexes of the carcinoma.

-

Fig. 1. Immunohistoche‘mi's'try of the breast cancer tissue with antibodies ag‘aiﬁst CD68%.(a-, b) and CD163+ (c, d).
Staining of nuclei with Mayer's hematoxylin. Magnification is indicated in the lower-left corner of each image as a
marker corresponding to 200 um
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Characteristics of patients. Seventy-eight women with
metastatic HER2-positive breast cancer participated in the
study. Category T1-2 was registered in 39 (50.0%)
patients. 38 (48.7%) patients had metastases in regional
lymph nodes. Monotherapy with trastuzumab was
performed for 27 (34.6%) patients and hormonal therapy -
for 35 (44.9%) patients. 46 (59.0%) patients had hormone-
positive breast cancer. High expression of M1 and M2
macrophages was determined in 31 (39.7%) and 40
(51.3%) patients, respectively (Table 1).

Impact of CD68+ expression on patient survival. The
long-term follow-up period of patients began after the start
of trastuzumab therapy. The average duration of the
follow-up period before registration of disease progression
was 21.3+2.79 months. During this period, 72/78 (92.3%)
patients had disease progression, including 28/31 (93.3%)
patients with high CD68+ expression and 44/47 (93.6%)
patients with low CD68+ expression. Median progression-
free survival was 14.3 months and 13.2 months for patients
with high and low CD68+ expression, respectively (Log-
rank p=0.6168; Fig. 2).

Follow-up of patients until death continued for an
average of 35.0+2.98 months. Fatal outcomes of breast
cancer were recorded in 69/78 (88.5%) patients, including
27131 (87.1%) patients with high CD68+ expression and
42/47 (89.4%) patients with low CD68+ expression.
Median overall survival was 24.1 months and 29.0 months
for patients with high and low CD68+ expression,
respectively (Log-rank p=0.5788; Fig. 3).

Table 1
Characteristics of the studied cohort of patients

Clinicopathological Total number of
characteristics patients, n=78
Category T, n (%)

1-2 39 (50,0)
34 39 (50,0)
Category N, n (%)

0 40 (51,3)
1-3 38 (48,7)
Hormonal status, n (%)

Positive 46 (59,0)
Negative 32 (41,0)
Trastuzumab-containing regimen,

n (%) 27 (34,6)
Trastuzumab monotherapy 51 (65,4)
Trastuzumab+chemotherapy

Hormonal therapy, n (%)

Present 35 (44,9)
Absent 43 (55,1)
Macrophages M1 (CD68+), n (%)

>40 (high expression) 31 (39,7)
<40 (low expression) 47 (60,3)
Macrophages M2 (CD163+), n

(%) 38 (48,7)
<25 (high expression) 40 (51,3)
>25 (low expression)

Impact of CD163+ expression on patient survival.
Disease progression was reported in 35/40 (87.5%)
patients with low and 37/38 (97.4%) patients with high
CD163+ expression. Median progression-free survival was
14.9 months and 12.6 months for patients with low and
high CD163+ expression, respectively (Log-rank
p=0.0003; Fig. 4).

Death occurred in 32/40 (80.0%) patients with low and
37/38 (97.4%) patients with high CD163+ expression.
Median overall survival was 36.7 months and 22.0 months
for patients with low and high expression of CD163+,
respectively (Log-rank p=0.0001; Fig. 5).

Independent predictors of progression-free survival and
overall survival. In Cox regression analysis, independent
predictors of progression-free survival were
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Fig. 2. Kaplan-Meier curves illustrating progression-free
survival in patients with high and low CD68+ expression
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Fig. 3. Kaplan-Meier curves illustrating overall survival
in patients with high and low CD68+ expression
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Fig. 4. Kaplan-Meier curves illustrating progression-free
survival in patients with low and high CD163+
expression
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Fig. 5. Kaplan-Meier curves illustrating overall survival
in patients with low and high CD163+ expression

hormone therapy, N category, and M2 macrophage
expression. Patients with hormone-positive HER2-positive
breast cancer receiving hormone therapy, without regional
lymph node metastases, and those with low expression of
CD163+ have better progression-free  survival.
Trastuzumab-based therapy regimen, hormone therapy, N
category, and M2 macrophage expression were identified

as independent predictors of overall survival. Patients
receiving the combination of trastuzumab with
chemotherapy, without regional lymph node metastases,
with low CD163+ expression, and those with hormone-
positive HER2-positive breast cancer using hormone
therapy had better overall survival (Table 2).

We found that patients with low CD163+ expression
had better progression-free and overall survival. CD68+
did not demonstrate an association with survival. This fact
suggests that CD163+ is of great importance in the
progression of HER2-positive breast cancer.

Immunological factors can potentially impact the
effectiveness of antitumor therapy and patient survival, so
this direction is actively researched [17]. All cells of the
tumor microenvironment are closely connected. Pro-
inflammatory and anti-inflammatory macrophages are
involved in the pathogenesis of HER2-positive breast
cancer. You et al. [18] found that overexpression of HER2
leads to increased secretion of chemokine ligand 2, which
activates tumor-associated macrophages. Macrophage
recruitment and active production of interleukin-8 and
interleukin-1p, in turn, initiates carcinogenesis.

Table 2

Cox proportional hazards model determining predictors of progression-free survival and overall survival.

Clinicopathological Progression-free survival Overall survival

characteristics Hazard 95% ClI p Hazar 95% I p
ratio d ratio

Trastuzumab-containing 0,63 0,38-1,04 0,072 0,57 0,34-0,95 0,032

regimen (Trastuzumab

monotherapy versus

Trastuzumab+chemotherapy)

Hormonal therapy (present 0,60 0,37-0,99 0,046 0,42 0,25-0,70 0,001

versus absent)

Category T (T1-2 versus T3-4) 1,31 0,78-2,21 0,294 0,92 0,54-1,57 0,771

Category N (NO versus N1-3) 0,59 0,36-0,96 0,037 0,52 0,32-0,89 0,016

Expression of macrophages M1 1,52 0,92-2,52 0,099 1,00 0,60-1,66 0,977

(CD68+) (high versus low)

Expression of macrophages M2 2,22 1,29-3,83 0,004 3,21 1,83-5,63 0,001

(CD163+) (low versus high)

Stimulation of angiogenesis is another factor that leads
to the progression of HER2-positive breast cancer. Kang et
al. [19] described the role of the protein matrix
metalloproteinase 11, which is  contained in
protumorogenic macrophages and leads to increased
recruitment of monocytes and migration of tumor cells. In
this study, HER2-positive tumors demonstrated more
aggressive behavior than HER2-negative tumors. Tumor-
associated macrophages are highly plastic, so an increase
in the population of one phenotype may be due to increased
recruitment or a shift from one phenotype to another (e.g.,
from M1 macrophages to M2 macrophages).

Our study demonstrated that the prognostic effect of
CD163+ expression is independent of the use of
trastuzumab. All patients enrolled in the study received
trastuzumab therapy. However, patients with high CD163+
expression benefited less from treatment, resulting in

78

poorer survival. Therefore, macrophages of the M2 type
can reduce the effect of monoclonal antibodies against
HER2. Some authors have studied the effect of
macrophage polarization on the efficacy of anti-HER2
therapy and the survival of patients with HER2-positive
breast cancer. They concluded that using drugs targeting
the immunosuppressive microenvironment and anti-HER2
monoclonal antibodies may be a helpful approach to
improve patient outcomes [20].

Targeted therapy aimed at polarization of macrophages
may help overcome resistance to trastuzumab, which is
particularly important in treating patients with metastatic
disease [21]. An ongoing study investigates the efficacy
and safety of a combination of HER2-targeted
immunostimulatory antibody conjugate and anti-HER2
therapy in patients with metastatic HER2-positive breast
cancer [22]. However, it should be considered that the
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effectiveness of trastuzumab therapy can be influenced by
tumor-associated macrophages and other cells, such as
tumor-infiltrating lymphocytes [23]. This confirms the
close interaction between the cells of the tumor
microenvironment and their complex influence on the
effectiveness of drug therapy.

In the current study, we found no prognostic
significance of CD68+. This may be due to the
heterogeneity of cells expressing these receptors [24].
However, CD163+ was an independent predictor of
progression-free survival and overall survival. The
obtained results coincide with the conclusions of other
authors [25]. This allows the evaluation of CD163+ as a
biomarker that can be successfully used in routine clinical
practice to identify patients who will benefit from
trastuzumab therapy. Moreover, our results are an
additional argument for the need to develop targeted drugs
to change the polarization of macrophages from M2 to M1.
This approach will improve the prognosis for patients with

HER2-positive breast cancer.

The current study has some limitations. We did not
study the prognostic value of tumor-associated
macrophages depending on the hormonal status of the
tumor. Hormone therapy was a predictor of a better
prognosis in patients with hormone-positive HER2-
positive breast cancer. However, we did not evaluate the
role of M1 and M2 macrophages in patients' survival
depending on hormonal statuses.

Conclusions. High CD163+ expression is a predictor
of poor progression-free survival and overall survival in
patients with metastatic HER2-positive breast cancer.
CD68+ expression did not show prognostic value. In
addition, regional lymph node metastases, trastuzumab
therapy, and hormonal therapy impact survival.

Prospects for further research. In the future, we plan
to study the prognostic value of regulatory T-lymphocytes
in patients with metastatic HER2-positive breast cancer.
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